Abstract-This
Introduction
The need for collaborative using of different information, knowledge and learning resources increases and defines new requirements to the global Information Society for creating distributed systems for effective information servicing and e-learning [1] [2] .
It is known that each virtual environment is a distributed system and proposes different possibilities for organization of on-line work in a special area of knowledge. The design of such environment as a virtual space for scientific research and intelligent searching (virtual lab) should be based on an architectural concept for the structural organization of the system components (as an initial step) [3] . A part of this concept is the allocation of the system resources. These resources could be organized on the base of the centralized model (located in a host station) or on the base of the distributed model (located in different nodes of the global network). The architecture should be determined on the base of a defined preliminary conceptual model by using any formal apparatus and should be investigated for validation of the main processes and parameters. The goal is to find answers of the questions about adequacy of the conceptual model and structure organization of the system components, realization of the main purpose for information servicing, allocation of the resources in the distributed environment, etc. In this reason, the architectural design should be conformed to the contemporary concepts for semantic Web as ontology in the e-learning and research scenarios [4] and personalization of the access to the distributed information resources and organization of the virtual collection of mediums [5] .
The object of this paper is the using of some approaches for investigation to decide some problems of the architectural design of a Virtual Research Laboratory (VRL). The development of VRL in the area of electronic and computer technologies has been the goal of two year scientific project [6] . The conceptual model of this VRL consists of two main subsystems [7] -front office and back office. The back office subsystem unites some relatively independent mediums for intelligent searching of the information and knowledge and for scientific research (for an organization and carried out experiments in the fields of circuits design and testing, system diagnostics, virtual reality and 3D simulation, etc). The background for VRL development is made and some basic issues (architecture, structural organization, preliminary investigation, etc.) are decided.
The purpose of this article is to present a simulation organization and performance indexes evaluation of the remote access and information servicing (utilization, waiting time, etc.) in the modules of the VRL by using the queuing theory and simulation system WebGPSS [8] .
Formalization by using the set theory and graph tools is 
Problem Definition and Related Work
The problems with the virtualization of research and learning resources are discussed in some surveys made by members of the project team and different papers [9] [10] . Particularly, some of the problems with the allocation of informational resources in global network and a specialized VRL building and investigation are discussed in [7] [11] [12] . In this reason, this paper discusses R M }, but one or more nodes could be allocated together in common place [11] . This assumption defines two types
(1) ;
for ∀k ∈ {1, 2, … , ⎪U⎪+⎪R⎪} and V = U∪R.
User location Resource location A variant of this concept is presented in [11] where the information servicing is formalized as a sequence of events and each of them could be realized if a set of conditions is executed. This approach permits to use the asynchronous discrete apparatus of the Petri Nets to made formal description and analytical investigation of the servicing.
The VRL is designed as a collection of two main subsystems -front office (input requests flow processing with authentication and authorization) and back office (management of the access to different external and internal resources). The internal resources are organized as separate modules of the back office accessed by using administrative components of the front office. In this reason, the paper discusses an investigation carried out by using the approach of discrete simulation.
Formalization and Abstract Model
The preliminary formalization is based on the abstract model shown in fig.3 . It is assumed that each user U i realizes a remote access to the lab's resources (information content, knowledge, instruments, etc.) and all resources (virtual modules) permit (in general) multiuser access by requests directed trough the transmitter T q (communication tools of the network) with the assistance of any distributor D (it describes the protocols and tools for routing the requests and answers).
Users ( 
Queuing Model Development
The structural and functional formalization of the discussed VRL as a collection of different web-based components is presented in [6] . 
Discrete Simulation and Assessments
The discrete simulation is organized by using the program environment WebGPSS [8] . Two parts of this simulation are realized -for information servicing investigation (part 1) and remote access investigation (part 2). The first part simulation has been an object of another paper but some assessments are shown in fig.5 . In the model the transmitter T processes the request before being analyzed for access permission. The request could be terminated only by the user after returning the needed information (after realized access to the required resource in the virtual medium).
Single-user access to single resource
The next figure 6 illustrates some experimental results obtained after a single execution of the program model for selected levels of the controlled parameters. The graphical interpretation of the function WL(λ)
Multi-user access to multiple resources
presented in fig.12a shows that has no problem with the remote access to the multiple resources in the VRL (the work-load is about 60%), but the large user's activity will cause loading of the network infrastructure and increasing of the waiting tome ( fig.12b) . This work is a part of an investigation of the processes for remote access to the knowledge and scientific resources and organization of the information servicing in a designed virtual environment to support scientific research and laboratory experiments. The simulation is organized on the base of preliminary conceptual modeling [7] , formalization and functional description [11] . Some other investigations are carried out by using the apparatus of Petri nets [12] , Markov's chains [7] , data flow diagrams, etc. In this reason, the obtained simulation results could permit to compare the 
